Introduction
============

Gastric cancer is the fourth most common malignant tumor worldwide ([@b1-mco-0-0-1744]) and the second most common malignant tumor in China ([@b2-mco-0-0-1744]). Although the overall incidence of gastric cancer has been decreasing over the last two decades ([@b3-mco-0-0-1744]), the 5-year mortality rate for advanced gastric cancer remains 30--50% ([@b4-mco-0-0-1744]).

A proportion of advanced gastric cancer patients are diagnosed with Krukenberg tumors. Krukenberg tumors are metastatic ovarian tumors arising from a specific type of gastric cancer (signet-ring cell carcinoma). The median overall survival of advanced gastric cancer has been reported to be 13--19.2 months ([@b5-mco-0-0-1744]--[@b9-mco-0-0-1744]). These patients may not be considered eligible for surgical resection, and are instead treated with chemotherapy or local radiotherapy. After every 2--4 cycles of chemotherapy, tumor re-evaluation is performed. At baseline at the time of diagnosis and during follow-up, tumor lesions (such as liver and lung metastatic nodules) and positive lymph nodes (≥15 mm in the short axis) may be selected as target lesions. Under certain conditions, if only metastatic cystic lesions are present in the patient, these measurable cystic masses may be considered as target lesions ([@b10-mco-0-0-1744]).

We herein report a case of gastric cancer complicated by a Krukenberg tumor. The question of whether the Krukenberg tumor could be considered as the target lesion in the therapeutic assessment of gastric cancer was addressed. Although the measurable cystic lesion decreased by \>30% in greatest diameter after a course of chemotherapy, the increasing levels of tumor markers and a new lesion detected on positron emission tomography-computed tomography (PET/CT) indicated progressive disease.

Case report
===========

A 30-year-old woman without a relevant medical or significant family history visited a local hospital in May 2017 due to abdominal distention, nausea and melena; the symptoms reportedly increased after eating. The patient underwent gastroscopy, which revealed a thickened gastric wall (linitis plastica), with several hard and bleeding ulcers. The patient was histologically diagnosed with adenocarcinoma of the gastric fundus. Human epidermal growth factor receptor 2 immunostaining was performed and scored as 3+. Abdominal CT and ultrasonography were performed and revealed massive ascites and thickening of the peritoneum. The patient underwent diagnostic abdominocentesis, and routine ascites cytology analysis indicated malignancy. During June 2018, the patient was transferred to the Cancer Center, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China) for more thorough examination. The pathological consultation reported a poorly differentiated adenocarcinoma of the gastric fundus, which was proven to be signet-ring cell carcinoma. Abdominal and pelvic contrast-enhanced magnetic resonance imaging (MRI) revealed gastric adenocarcinoma with mesenteric, greater omental, peritoneal and pelvic metastases, and a cystic mass (3.2×2.2 cm) to the right of the uterus, which was considered to be a Krukenberg tumor ([Fig. 1](#f1-mco-0-0-1744){ref-type="fig"}). A bone scan revealed enhancement in the ribs, thoracic vertebrae, lumbar vertebrae and left and right iliac crests. As regards tumor markers, the carcinoembryonic antigen (CEA; 67.27 µg/ml; normal value: \<5 µg/ml), cancer antigen (CA)19-9 (3,073.9 U/ml; normal value: \<37 U/ml) and CA125 (301.6 U/ml; normal value: \<35 U/ml) levels were raised, while the α-fetoprotein (AFP; 3.8 µg/l; normal value: 0.89--8.78 µg/l) and CA15-3 (16.8 U/ml; normal value: \<31.3 U/ml) levels were normal. According the TNM Classification of Malignant Tumors classification ([@b11-mco-0-0-1744]), the final diagnosis was poorly differentiated gastric adenocarcinoma, stage IV.

Due to the multiple metastases, the patient was not considered to be an eligible candidate for surgery. In total, she received seven courses of oxaliplatin/capecitabine \[oxaliplatin, 130 mg/m^2^ (day 1); capecitabine, 1,000 mg/m^2^ (days 1--14)\] plus trastuzumab (OCT) chemotherapy \[oxaliplatin 130 mg/m^2^ (day 1); capecitabine 1,000 mg/m^2^ (days 1--14); and trastuzumab 8 mg/m^2^ (day 0 prior to treatment initiation, first course of 21 days) and 6 mg/m2 (day 0, 2--7 courses, 21 days/course)\]. After two courses, the therapeutic assessment was stable disease ([Fig. 2](#f2-mco-0-0-1744){ref-type="fig"}). The patient\'s serum CEA, CA19-9 and CA125 levels had decreased to 3.00 µg/ml, 61.1 U/ml and 17.9 U/ml, respectively, after three courses of chemotherapy. However, after four courses of OCT, the CEA, CA19-9 and CA125 levels mildly increased. Abdominal and pelvic contrast-enhanced MRI revealed that the size of the right adnexal cystic mass had increased to 4.6×3.9 cm, a 43.13% increase compared with the baseline at diagnosis ([Fig. 3A and B](#f3-mco-0-0-1744){ref-type="fig"}). Considering that the patient experienced monthly menstrual cycles, although the diameter of the Krukenberg tumor was increased, the treatment efficacy was difficult to assess. Therefore, OCT treatment was continued. Abdominal and pelvic contrast-enhanced MRI examination revealed that the cystic mass (1.4cx2.9 cm) had decreased in size by 36.96% compared with after the last course ([Fig. 3C and D](#f3-mco-0-0-1744){ref-type="fig"}). However, the serum CEA, CA19-9 and CA125 levels had markedly increased to 14.80 µg/ml, 1,179.4 U/ml and 38.7 U/ml, respectively. At this point, the patient\'s Eastern Cooperative Oncology Group performance status score was 0, and there was no evidence supporting a change in the treatment regimen. As the cystic mass had decreased in size, the patient was administered two more courses of OCT chemotherapy. Unexpectedly, the serum CEA, CA19-9 and CA125 levels increased rapidly to 65.7 µg/ml, 6,081.4 U/ml and 104.7 U/ml, respectively, after the seventh cycle ([Fig. 4](#f4-mco-0-0-1744){ref-type="fig"}). At this point, the patient remained in good condition, without abdominal or pelvic pain, bloating or abdominal distension, but reported changes in the menstrual cycle and vaginal bleeding. Moreover, the β-human chorionic gonadotropin level was 7.3 mIU/ml (normal value: \<5 mIU/ml). Whole-body PET/CT was then performed, revealing increased ^18^F-fluorodeoxyglucose (FDG) uptake in the gastric fundus and body, left adrenal gland, mesentery and right pelvic cystic mass, with maximum standardized uptake values of 4.3--13.0, 4.5, 2.1--2.6 and 1.6--2.7, respectively ([Fig. 5](#f5-mco-0-0-1744){ref-type="fig"}). As a new lesion was found in the left adrenal gland, the final response evaluation of the patient was progressive disease and docetaxel monotherapy (60 mg/m^2^ on day 1 every three weeks) was initiated as second-line treatment ([Fig. 6](#f6-mco-0-0-1744){ref-type="fig"}).

Discussion
==========

Krukenberg tumors are defined as ovarian metastatic tumors, two-thirds of which originate from the stomach ([@b12-mco-0-0-1744]). On imaging, these tumors may appear as well-demarcated intramural cysts ([@b12-mco-0-0-1744],[@b13-mco-0-0-1744]). MRI shows a hypointense signal density of the solid components on T2-weighted images ([@b14-mco-0-0-1744]--[@b16-mco-0-0-1744]). According to RECIST 1.0 ([@b17-mco-0-0-1744]), cystic lesions are considered to be non-target lesions. In the present study, based on the persistence of the non-target lesions (including Krukenberg tumors) and the levels of the tumor markers being persistently raised over the normal limits, the therapeutic assessment of the patient after four and five cycles of treatment was incomplete response/stable disease. However, according to RECIST 1.1 ([@b10-mco-0-0-1744]), if only cystic measurable lesions are present in the same patient, they may be considered as target lesions. Therefore, after four courses of OCT, the patient should have been considered to have progressive disease, whereas the therapeutic assessment was partial response after five courses of OCT treatment, although the levels of the tumor markers had markedly increased. These assessments were contradictory. If treatment had failed, partial response would not have been achieved after another cycle of OCT treatment. After seven courses of OCT, PET/CT revealed progression. It was then hypothesized that the patient may have already been progressive after four cycles of OCT.

In the present case report, it appears more appropriate to adopt RECIST 1.0 rather than the 1.1 version. Cystic lesions, such as Krukenberg tumors, are preferably considered as non-target lesions. In 2004, Husband *et al* ([@b18-mco-0-0-1744]) suggested that characterizing all cystic lesions as targets, which may still be included in the assessment and documentation of the changes in tumor composition, should be avoided. Over the last two decades, there have only been few studies on the evaluation of cystic lesions. In the present study, we demonstrated that cystic lesions should be considered as non-target lesions, although they may be measurable.

In patients with non-measurable as well as non-target disease only, tumor marker levels should be considered in the therapeutic assessment. In both versions of RECIST, tumor markers alone cannot be used to evaluate objective tumor response. However, specific guidelines for tumor markers, including CA-125 and prostate-specific antigen, are being validated, and CA-125 is recommended for integration with objective assessment in ovarian cancer ([@b19-mco-0-0-1744]--[@b22-mco-0-0-1744]). Moreover, PET/CT may be introduced for the assessment of progression (particularly possible new lesions) ([@b10-mco-0-0-1744]). In this case, PET/CT was used to detect new lesions, as the tumor markers had increased multifold.

In conclusion, the present case report demonstrated that, considering measurable Krukenberg tumors or cystic lesions as target lesions in the response assessment of advanced gastric cancer, must be avoided. In addition, tumor markers and PET/CT may provide complementary results to the therapeutic assessment of advanced gastric cancer with only non-target lesions.
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![Abdominal and pelvic contrast-enhanced magnetic resonance imaging (MRI) at baseline at the time of diagnosis. (A and B) Contrast-enhanced MRI revealed massive ascites and thickened gastric wall (linitis plastica); (C-F) two cystic lesions located in the pelvic cavity were identified on T2-weighted contrast-enhanced images.](mco-09-06-0622-g00){#f1-mco-0-0-1744}

![Abdominal and pelvic contrast-enhanced magnetic resonance imaging (MRI) after two courses of OCT treatment. (A and B) Contrast-enhanced MRI revealed mild ascites and reduced thickness of the gastric wall; (C-F) the cystic lesions are shown on T2-weighted and contrast-enhanced images after two courses of OCT treatment. OCT, oxaliplatin/capecitabine plus trastuzumab.](mco-09-06-0622-g01){#f2-mco-0-0-1744}

![Abdominal and pelvic contrast-enhanced magnetic resonance imaging (MRI) after (A and B) four courses and (C and D) five courses of OCT treatment. OCT, oxaliplatin/capecitabine plus trastuzumab.](mco-09-06-0622-g02){#f3-mco-0-0-1744}

![Expression levels of tumor markers after OCT therapy, including (A) CEA, (B) CA19-9, (C) CA125 and (D) CA153. OCT, oxaliplatin/capecitabine plus trastuzumab; CEA, carcinoembryonic antigen; CA, cancer antigen.](mco-09-06-0622-g03){#f4-mco-0-0-1744}

![Positron emission tomography-computed tomography (PET-CT). A whole-body PET-CT scan revealed fluorodeoxyglucose uptake in the (A) gastric fundus and body, (B) left adrenal gland, (C) mesentery and (D) a right pelvic cystic mass.](mco-09-06-0622-g04){#f5-mco-0-0-1744}

![Schematic illustration of the treatment course. CT, computed tomography; MRI, contrast-enhanced magnetic resonance imaging; PET/CT, positron emission tomographycomputed tomography; PR, partial response; SD, stable disease; PD, progressive disease; CAPEOX, capecitabine plus oxaliplatin.](mco-09-06-0622-g05){#f6-mco-0-0-1744}
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